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1 Executive summary 


Due to the many issues involved in the use of post installed anchors we would recommend 
that the use post installed anchor be discouraged as much as possible. When projects are 
undertaken with new reinforced concrete elements installed it is preferable that cast in bolts 
be used. 


It is not currently clear how practicing engineers should establish if existing concrete 
cracking may influence the seismic performance of any proposed post installed anchor. 
Given the current rules design engineers potentially should inspect concrete for cracks 
before the installation of proposed post-installed anchors in the concrete. 


Possible measures to improve the resilience of post installed anchors while ensuring 
constructability with respect of the tolerance issue include. 


1. Shear pins welded to the underside of baseplates and epoxied in the concrete below 


2. Epoxy grouts under base plates with the required shear capacity to transfer the 
shear 


forces to the concrete below the baseplates. (This would require treatment of the affected 
surfaces to ensure adequate adhesion to ensure shear transfer.) 


The above proposed solutions may be used to transfer the shear forces from the baseplate 
to the concrete below when a grout is specified. It should be noted that the potential seismic 
performance of the proposed solutions above has been tested and accepted for common 
use under cyclic seismic loading. 


To deal with the installation issues it is recommended be that a note be added to drawings 
where post installed anchors are specified, that shall require at least one tension capacity 
proof test at a minimum on any one site and more tests as required. 


It is our view that there is still some work to be done in New Zealand and worldwide to 
clarify the appropriate use and application of post installed anchors particularly in seismically 
active regions. 
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2 Introduction 


Analysis and design of structural anchor systems in reinforced concrete is complex as is 
illustrated in Appendix A of this report which shows some of the many modes of failure of 
anchor bolts in concrete. The addition of cyclic dynamic loads from earthquakes adds 
another level of complexity for the structural analysis and design of these systems. 


Current manufacturer’s design charts and software design tools produced by post installed 
anchor manufacturers do not recognise or accommodate for tolerance issues related to the 
constructability of structures. 


The use of post installed anchors is complicated by several factors that affect how engineers 
specify and choose installed anchors for structural applications some of these current 
complicating factors are. 


Complex and sometimes confusing information being provided by the two main 
manufacturers of post installed anchors: HILTI and RAMSET. Care must be taken with 
the use historic design guide material released by both Ramset and HILTI for their post 
installed anchors. Because of the new testing required to achieve the C2, EU certification 
the published seismic capacities have been substantially reduced from previous advice. 


Allowance for grout under base plates to accommodate practical tolerance requirements 
in construction is not supported by post installed anchor manufacturer's warranties. 


Before 2017 the testing of post installed anchors for use in New Zealand conditions was 
governed by ACI 355.2 Qualification of Post-Installed Mechanical Anchors in Concrete 
and this has changed recently with some market confusion about which systems are 
now certified. 


New Zealand Concrete Standard 3101, Amendment 3, 2017 requires post-installed steel 
anchors to be designed in accordance with the European document EOTA TR045 (this 
document has been superseded by EN 1992-4:2018) and for the anchors to pass the 
prequalification testing stipulated in ETAG 001 Annex E 

Anchor capacities are in practice based on design table capacities that are published by 
manufacturers based on propriety testing of anchors carried out by the manufacturers. 
The recent publication of AS 5216: 2021 ‘Design of post-installed and cast-in fastenings 
in concrete’ includes seismic provisions in Appendix F but only address’s application to 
Australian Seismic provisions and not New Zealand seismic provisions. 

Cracking in concrete substantially affects anchor performance and it is not clear how this 
should be dealt with by the consulting engineer. 
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3 Code Issues and Amendment 3 to NZS 3101;2006 


The seismic performance of post installed anchors is still being debated in New Zealand and 
Australia and around the world including in Europe where the recent seismic ‘C1’ and ‘C2’ 
classifications (see below) were introduced. 


As Enrique del Castillo (2018) states 


‘The recent Amendment 3 of the New Zealand Concrete Standard 3101 requires post- 
installed steel anchors to be designed in accordance with the European document EOTA 
TRO45 and for the anchors to pass the prequalification testing stipulated in ETAG 001 
Annex E’ 


E.D. Castillo 2019 further states 


‘The seismic loading protocols of both the ACI 355 code and the ETAG 001 guideline need 
to be investigated to verify that these protocols accurately represent a real earthquake 
loading scenario and, if not, then whether new loading protocols should be developed’. 


This statement raises the question of the suitability of both the EU and ACI testing 
requirements for post installed anchors. 


Recently Ramset anchors have passed the C2 seismic requirement for compliance with the 
prequalification testing stipulated in ETAG 001 Annex E. Ramset have had to down grade 
the seismic capacities of some of their products to meet the testing requirement. The C2 
requirement is related to EU seismic zone definitions that do not match directly with New 
Zealand seismic zones however if we consider the return period ground accelerations for 
comparable New Zealand Zones the C2 seismic requirement would be applicable to all of 
NZ except for a few specific structures in Auckland and further north. 


Clear guidelines have not been provided by the engineering societies in New Zealand. 
Structural capacities for these proprietary products are published by the manufacturers of 
the anchors. These capacities are based on testing in house and in some cases by 
independent testing organizations. 


AS 5216: 2021 Design of post-installed and cast-in fastenings in concrete has recently been 
published (which claims to be based on EN 1992-4). In this publication seismic provisions 
were added in the 2021 revision of the code in Appendix F. However, the seismic provisions 
only relate to AS 1170.4 the Australian Seismic loading code and does not relate to New 
Zealand seismic loadings as defined in NZS 1170.5. 
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4, Practical and Installation problems 


The Christchurch earthquake revealed problems in the installation of post installed anchors 
with epoxy grouted post installed anchors. Many anchors failed due to inadequate epoxy 
fill around the anchors or due to inadequate cleaning of holes. This was a comment made 
by engineers that inspected the damage after the quake. 


Schultz, 2014 when discussing earthquake damage after the Christchurch 2010 earthquake 
states: 


ost-earthquake reconnaissance suggested numerous failures of adhesive anchors used 
for retrofit connection of roof and floor diaphragms to masonry walls.’ 


Schulz 2014 further states 


In general, the construction quality of adhesive anchorages was observed to be poor 
(e.g., insufficient anchorage length.)’ 


AS 5216: 2021 Requires that installers be qualified in the installation of post installed 
anchors. 


AS 5216: 2021 Outlines the seismic design requirements for post installed anchors. The 
provision of this code requires additional design effort to assess and predict the potential 
of concrete cracking in the substrate concrete. 


To accommodate the impact on cracking on performance the design structural engineer 
must predict the potential for concrete cracking to an accuracy of 0.2mm. Cracking and 
crack width is a significant predictor of how the post installed anchor may perform in a 
seismic event. This raises the question of what appropriate methodology should be used to 
estimate crack width and whether the structural design engineer should visit the site and 
inspect concrete for cracking before the use of post installed anchors. 
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5 Design problems related to tolerances with post 
installed anchors 


In New Zealand the allowable tolerance deviation for a reinforced concrete slab prescribed 
finished floor level is 10mm in any one room or space based on the requirement from NZS 
3109. The acceptable tolerance for the fabrication and erection of steel has an allowable 
deviation of 2mm from NZS 3404 Part 1 1997. Therefore, theoretically the worst-case 
tolerance interference when a steel structure meets concrete floor is 12mm. Therefore, it 
makes sense to provide for a minimum of 12mm grout pad between the concrete and the 
steel member. If this not done, then potentially there will be constructability issues on site 
due to acceptable tolerances for the two materials. The post installed anchors are used in 
situations where there is existing concrete to be joined to new steel. In this case the 
tolerance issue must be addressed, however post installed anchor manufacturers will not 
warrant the performance of their anchors when grout is used. The problem is illustrated 
below. 


Specified Level Steel Tolerance +- 2mm : Concrete Tolerance +- 10mm 


The tolerance required between the supporting concrete surface and the bottom of the 
plate should be a minimum of plus or minus 12mm to ensure constructability. 


The problem is that a moment is induced in the anchor bolt because of the eccentric shear 
force transfer and the additional stresses that are introduced in the hold down bolts requires 
that the bolts be significantly larger then currently commonly used. 


Post installed anchor manufacturers will not warrant the performance of their anchors if 
grout is used under base plates. This is problematic for consulting engineers in the field 
that must now accept the risk of failure of these elements of the structure. 


AS 5216: 2021 Design of post-installed and cast-in fastenings in concrete in Appendix F 
Page 112 states: 


‘The design method specified in this Appendix does not apply to the fastenings with shear 
loads acting on the fastener with a lever arm or with a grout layer with thickness of 
greater than or equal to 0.5d’, where d is the diameter of the fastener’ 


This provision given the minimum tolerance allowance of 12mm leads to potentially to a 
minimum fastener diameter of 24mm to avoid having to carry out additional calculations to 
assess fastener bending stresses combined with shear stresses. 


This standard AS 5216: 2021 for seismic load cases does not address constructability issues 
related to tolerances and the requirement for grout for fastener diameters below 24mm. 
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6 Testing of Post Installed anchors 


Theoretically structural design engineers should independently check shear and tensile 
capacities with site testing of post installed anchors. The standard test methods are outlined 
in the document ASTM E488-2018 Standard methods for Strength of anchors in concrete 
and Masonry elements or ETAG 001 Annex E. Site testing by virtue of logistics involved can 
only be static tension testing and may not reflect potential dynamic performance in a seismic 
event. 


There are no current guidelines of the recommended frequency of testing for post installed 
anchors. This site testing may involve testing to failure or proof testing (133% to 150% of 
working load) to ensure that the installation has been carried out properly. 


Where a significant number of post installed anchors are to be installed on a site some form 
of testing should be mandated. Generally, it is considered prudent to test at least 5 % of 
anchors. For smaller installation possibly a minimum of one tension proof test should be 
done. Currently only tension pull tests can be satisfactorily performed on site with available 
equipment. 


In practice currently because we often only install a few anchors on each site, and we rarely 
require testing due to the significant extra expense. 
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7 Table of issues with specific products. 


A table with features is listed below. 


HILTI RE 500 V3 Ramset SpaTec Ramset Epcon C8 Ramset TruBolt 


Epoxy Anchor Xtreme Epoxy Anchor Xtrem 
Under Cut Compression 
Mechanical Anchor mechanical Anchor. 


Seismic Dynamic ! Yes Yes Yes Yes 
performance with 

cracked concrete 

(dependent of crack 

width) 


Fire Resistance* 


EU Standard Etag C2 
Performance EOTA 
TRO45 


Ease of installation Medium Difficult bolt must Medium Easy Difficult bolt 
be torque must be torque 
tightened to tightened to 
specification specification 


Contractors with Uncommon in Not so Common Common in Taranaki Very common 
product regions commonly | Contractor should Contractor should have manufacturer 
used in Main have manufacturer have manufacturer certified installers 
Centres. Contractor | certified installers certified installers 
manufacturer 
certified installers 
Installation before No No No No 
concrete reaches its 
full 28-day strength 
Manufacturer No No No NO 
warrants performance 
if the bolt is installed 
with grout under the 
base plate 
Cleaning requirement | Required cleaning Required cleaning Required cleaning Required cleaning 
for hole stated by stated by stated by stated by 
higher standard higher standard due 
due to adhesion to adhesion 
requirement of requirement of epoxy. 


experience with this Taranaki and some generally and the regions Contractor should 
should have 
Price*** Highest price Second highest price Medium Price 
manufacturer is a manufacturer manufacturer is a manufacturer 
epoxy. 


Installation Issues Contractor should Contractor should | Contractor should use Contractor should 
use staff trained use staff trained staff trained and use staff trained 
and certified by and certified by certified by and certified by 

manufacturer manufacturer manufacturer manufacturer 


* For use for foundation post installed anchor bolts with cement grout under base 
plate (some protection). Requires specific testing. 

** 1) Elastic design 2) Capacity design 3) Ductile anchor design 4) Maximum force design 
(Mahrenholtz ) 

*** difficult to compare costs because hole cleaning requirements are different and 
volumes of material per bolt installed are different. 

Iseismic Performance is assessed based on the existence of cracks and crack widths in the 
exiting concrete. 
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9 APPENDIX A 


Modes of Failure diagrams from AS 5216; 2021 


(c) Pull-out (d) Combined pull-out 
and concrete cone 
(chemical fasteners) 


(e) Concrete (f) Concrete (g) Reinforcement — fracture (h) Reinforcement — anchorage 
splitting blow-out 


Figure 3.4.2.1 — Modes of failure for post-installed fasteners subjected to tensile loading 


(a) Steel — without (b) Steel — with 
lever arm lever arm 


CT CALERA? 
a 2 — 


(d) Concrete pry-out (e) Supplementary (f) Supplementary 
reinforcement — fracture reinforcement — anchorage 


Figure 3.4.3.1 — Modes of failure for post-installed fasteners subjected to shear loading 
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